Visual reaction time (RT) was measured in 10 older men (mean age, 71.1 years) and gender-matched controls (mean age, 26.3 years) when standing (single task) and when walking on a motor-driven treadmill (dual task). There were 90 quasirandomly presented trials over 15 min in each condition. Longer mean and median RTs were observed in the dual task compared to the single task. Older males had signifi cantly slower mean and median RTs (315 and 304 ms, respectively) than the younger group (273 and 266 ms, respectively) in both task conditions. There were no age or condition effects on within-subject variability. Both groups showed a trend of increasing RT over the 90 single task trials but when walking only the younger group slowed. These novel fi ndings demonstrate high but sustained attention by older adults when walking. It is proposed that the motor task's attentional demands might contribute to their slower preferred walking speed.
It has been proposed that reduced information processing speed accounts for agerelated declines across a range of cognitive and motor tasks (Rabbitt, 1986) . As a consequence, aging effects on reaction times to visual (Birren, 1964; Kilburn & Thornton, 1996; Rabbitt, 1979; Welford, 1977) , auditory (McDowd, 1986; Talland, 1965; Welford, 1980) , tactile and kinaesthetic stimuli (Birren, 1964) have been measured experimentally. Early work by Koga and Morant (1923) , for example, showed that visual reaction time reduced by approximately 30% from 10 years of age to the mid 20s and then increased gradually after the fourth decade, increasing rapidly into the 70s and beyond. Similarly, Kilburn and Thornton (1996) using a two-choice visual RT task found that individuals age 21 to 30 years performed faster than all other age groups. Wilkinson and Allison (1989) employing a very large sample (n = 5,325) also showed gradual increases in visual RT from a minimum in the 20-29 years age group, consistent with Kilburn and Thornton (1966) .
In addition to aging effects on response speed it has also been demonstrated that when task complexity is increased differences in the response time of older and young adults are accentuated (Birren, 1964; Cerella, Poon, & Williams, 1980; Diggles-Buckles, 1993) . This age-complexity interaction has been recognized for some time (Spirduso & MacRae, 1990) but task complexity has usually been manipulated by increasing choice alternatives rather than requiring participants to perform a primary motor task such as walking, or driving, and a reaction time task simultaneously. More recently researchers have, however, manipulated complexity by employing novel upper limb tasks with experimenter-defi ned inter-limb coordination patterns, such as 90° phase relative timing, in which one limb's movement lags the other by a quarter cycle (Greene & Williams, 1996; Swinnen, Verschueren, Bogaerts, Dounskaia, Lee, Stelmach, & Serrien, 1998) . Performance in such tasks, as expected, was found to decline with advanced age but most importantly when older participants responded to an auditory RT probe while also performing the 90° relative phase task considerably longer RTs were observed compared to younger controls (Sparrow, Parker, Lay, & Wengier, 2005) .
One explanation for increased reaction time in multi-task performance is that greater movement task complexity extends cognitive resources (Birren, Woods, & Williams, 1980; Diggles-Buckles, 1993; Rogers, 2000) . Furthermore, older adults' slower responding in dual task situations has been attributed to neurophysiological changes in the peripheral and central nervous system that reduce the available processing resource pool (Craik & McDowd, 1987; Hoyer & Plude, 1980) . Hoyer and Plude (1980) , for example, pointed out that all perceptual processes are limited by time and require space for handling and reduced attentional capacity would, therefore, be predicted with aging. In addition, neuronal changes that impact on the optimal allocation of attentional resources may also account for slower RTs compared with younger individuals (Hartley, 1992; McDowd & Shaw, 2000; Ponds, Brouwer, & van Wolffelaar, 1988) . Lower performance in a RT secondary task with aging may also be due to more attention being allocated to the primary task to compensate for age-related declines in sensory and cognitive processes (Shumway-Cook, Woollacott, Kerns, & Baldwin, 1997) . As visual and kinaesthetic sensory input deteriorates, increased attention could be used to heighten the signals from these systems (Shumway-Cook et al., 1997) .
Attentional load has been considered an indicator of the central nervous system resources demanded by a task (Navon, 1990; Wickens, 1984) . When attention is focused on a primary task, such as walking, additional resources are allocated to it, leading to a decrement in the resources available to the non-prioritized secondary task. Performance on the secondary task, such as probe RT, then refl ects the attentional resources allocated to the primary task (Abernethy, 1988; Navon, 1990; Wickens, 1984) . In an earlier experiment, for example, Sparrow, Bradshaw, Lamoureux, and Tirosh (2002) used a reaction time probe to measure the attention demands of walking across a laboratory walkway (8 m long). Signifi cantly longer visual RTs were found for older adults but in that experiment a component of the elevated RT in the walking task may have been the initiation of walking. Employing the same dual task method as in our earlier experiment (Sparrow et al., 2002) we again investigated aging effects on the attentional cost of walking but here used a continuous walking task, treadmill walking, to control any potentially confounding effects of gait initiation or termination. Furthermore, this task was of considerably longer duration and, in that respect, more similar to the sustained effort required in real world locomotion.
With condition order counterbalanced, participants performed a sequence of 90 no-walking RT single task responses and the same sequence when walking on a motor-driven treadmill for 15 min. The fi rst research question was whether there are age effects on RT to a visual stimulus in a single task condition and in a dual task condition when walking on the treadmill. A signifi cant increase in RT from single task performance compared to treadmill walking was taken to indicate an attentional cost of the primary walking task.
Given the extended trial duration in this experiment (15 min), a second question concerned how prolonged walking might infl uence the RT data time-series. The possibility was considered that RT would be infl uenced by fatigue and older adults might show a greater decrement over trials than the younger group. Fatigue effects were anticipated due to the additional cost of maintaining attention on the RT task and also the physical demands of walking. There appears, however, to be little research concerning fatigue effects on motor control in older adults. In one study Uttl, Graf, and Cosentino (2000) cited previous reports cautioning that test-fatigue would negatively infl uence older adult's performance. To test this hypothesis, a prolonged bout of cognitive function tests was administered to groups of participants 18 to 91 years of age. The 3 to 4 hr battery of written tests did not adversely infl uence the performance of any age group on tests of RT, decision making, and card sorting. While Uttl, Graf, and Cosentino (2000) found that cognitive fatigue due to test-taking would not adversely infl uence RT, as far as is known there has been no previous investigation of aging effects on long sequences of RT trials when performing a continuous motor task. It was, therefore, of interest here to determine how the demands of walking might infl uence response speed as revealed in the slope and intercept of linear regression equations fi tted to the 90 trial sequence of RT trials.
Methods
Ten men age 64-78 years (mean 71.1 years) were recruited from the local community and 10 gender-matched young participants 20-32 years (mean 26.3 years) from Deakin University volunteered. Participants gave their informed consent and completed a screening questionnaire using procedures approved and mandated by the Deakin University Research Ethics Committee. The screening procedures ensured that the participants had no balance or mobility dysfunction or medical conditions that would suggest lack of capacity to safely and effectively undertake the experimental procedures. The walking task was performed on a motor-driven treadmill (Quinton Q65, series 90) at preferred speed. Preferred speed was established prior to testing by participants walking on the treadmill commencing at 2.5 km/hr with speed increased in 0.5 km/hr increments until they reported preferred or "comfortable" pace. When the subject fi rst indicated their preferred speed the treadmill velocity was again increased and decreased in 0.5 km/hr intervals and the individual asked to re-confi rm their speed preference.
The visual RT task was undertaken while standing on the treadmill (single task) and then when walking at preferred speed (dual task). In both RT tasks participants were instructed to press a hand-held response button immediately the stimulus was presented. The response button was attached to a computer via a light fl exible cable and held in the right hand in both tasks. The stimulus was a red letter "R" presented on a computer monitor positioned 2 m directly in front of the treadmill 1.29 m above the fl oor. A total of 90 trials were presented in each condition with stimulus presentation at 10s, 18s, 24s, 38s, 45s, 52s of each minute for 15 min. To control practice effects presentation order of the RT tasks was counterbalanced with half of the participants in each age group undertaking the RT task fi rst and the walking task second, and vice versa. Data collection took approximately 1 hour.
In addition to the above procedures for measuring RT participants were also instrumented for measurements of their limb movements by attaching infra-red light emitting markers that were tracked by a 3-D motion analysis system (OPTOTRAK, Northern Digital, Inc., Waterloo, Ontario). The kinematic data from this limb motion analysis are not presented in this article but the measurement procedures would not be expected to have infl uenced participant's reaction time.
A repeated measures analysis of variance (ANOVA) was fi rst used to determine overall age (younger and older), and condition (single and dual) effects on the RT mean, median, and variability (standard deviation). RTs below 160 ms and above 1000 ms were excluded from the analysis. The lower bound of 160 ms was used consistent with standard textbook accounts (Schmidt, 1982) of RT "…rarely found to be less than 120 ms for kinesthetic stimuli and… essentially 160 to 180 ms for auditory and visual stimuli" (p. 156). The upper value was determined by examination of the RT distributions that suggested a systematic increase in RT up to approximately 1000 ms, thereafter considerably longer RTs that appeared to be more consistent with a major loss of attention to the task. Using this criterion, no values were excluded for the young group. The older men's excluded single task data comprised 10 responses exceeding 1000 ms and 9 below 160 ms; when walking their exclusions were 11 values greater than 1000 ms.
To reduce variability prior to linear regression analysis the raw RT data were fi rst smoothed using a three-point moving average procedure. Linear regression equations were then used to calculate the slope and intercept of individual subjects' smoothed reaction times over the 90 trial sequence for both conditions (single task and walking). Independent samples t-tests were applied to determine whether the intercepts and slopes of the two groups (older and younger) were signifi cantly different in single task and walking conditions.
Results
Analysis of the preferred walking speeds indicated that the younger participants (4.65 km/hr) selected a speed that was 0.36 m/s (1.3 km/hr) faster than for the older group (3.35 km/hr). Descriptive statistics for the groups' walking speeds in meters per second were as follows: young participants, mean = 1.29 m/s, range = 1.25-1.53 m/s, mode = 4.5 (n = 6); older participants, mean = 0.93 m/s, range = 0.69-1.25 m/s, mode = 0.69 m/s (n = 4). An independent samples t-test indicated that the younger group's mean freely-chosen walking speed was signifi cantly faster (p < .001) than the older participants' walking speed.
The mean, median, and standard deviation for RT in each experimental condition are summarized in Table 1 and the mean RT is also presented in Figure 1 . As expected, RT was slower when walking than when performing the RT task alone and the ANOVA confi rmed a signifi cant condition effect for both the mean RT [F(1, 18) = 9.97, p = .005] and median RT [F(1, 18) = 10.29, p = .005] but no effect on the within-subject standard deviation. The treadmill walking task, therefore, incurred an attentional cost in showing signifi cantly longer mean and median RT than the single task condition. There were also age effects on the mean [F(1, 18) = 5.51, p = .031] and median RT [F(1, 18) = 5.86, p = .026] but there were no age by condition interactions for mean, median, or standard deviation of RT. In the absence of interaction effects the younger group was, therefore, signifi cantly faster in both conditions. Figures 2 and 3 illustrate response speed and variability for each age group and also the variation between participants within each group. Mean RT within each condition is graphed in Figure 2 by pairing the participants, one from each age group, from fastest to slowest. Similarly in Figure 3 the standard deviations are plotted from smallest to largest. An individual participants' rank in Figures 2  and 3 was not always the same for the single-and dual task conditions but there was a close association between them. In the older group, for example, the three fastest and two slowest individuals were the same in both single and dual task. Note from Figure 2 that in the dual task situation the four fastest responding older adults, three of whom performed well relative to controls in the single task condition, were noticeably slower. To verify the apparent association between RT in the two conditions, Spearman's rank order correlations were performed for the two subject groups separately. Coeffi cients were similarly high, 0.818 for the young and 0.806 for the older group, and both were statistically signifi cant (p < .01). The correlation coeffi cients confi rmed, therefore, that in both subject groups single and dual task performance was closely related. The standard deviations in Figure 3 suggested that the older participants were more variable in their responses from trial to trial but there was no age or condition effect on this statistic. It is interesting, nevertheless, that slower responders in the older group tended to be more variable than their peers who had faster RTs. To confi rm this observation, individual participants' mean and standard deviation were correlated (using Pearson's r) for both age groups in both task conditions. It was found that the mean and standard deviation correlated signifi cantly in both groups in both conditions, as follows: single task-younger participants' r = .67, p = .036; older participants' r = .78, p = .008 and for the dual task-younger participants' r = .64, p = .045; older participants' r = .88, p = .001. The correlation coeffi cients were higher for the older participants, indicating a stronger positive association between speed and variability, particularly in the dual task condition.
Single Task
Investigation of the entire 90 trial RT sequence was undertaken to determine response characteristics over time (15 min) within each condition. Figure 4 shows that in the single task condition both groups slowed progressively over trials. The same 
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trend is observed in the younger group's dual task data but, rather than slowing over time, the older participants appeared to maintain their response speed at the initially high level seen early in the trial. T-test results for the single task condition showed no between-group differences for either the regression equation slope or intercept but the single task intercept approached signifi cance (t = 1.656, p = .058). The walking condition intercept was signifi cantly smaller (lower) for the younger group (t = 3.013, p = .004) and, while the older adult's regression line slope was essentially zero (0.000099) indicating almost no slowing over trials, the difference between the groups' regression line slope in the walking task narrowly failed signifi cance (t = 1.631, p = .060). In summary, there was no signifi cant difference between age groups in the rate of slowing over trials in the single task condition and, while the older adults' RT appeared to be well maintained over trials when walking, the t-test result failed to show that the slope was signifi cantly different from younger participants. Younger Older
Discussion
The fi rst research question addressed aging effects on RT in a single task condition (standing) and in a dual task condition when treadmill walking at preferred speed. The younger group's mean and median RTs were signifi cantly faster in both conditions but there was no age effect on the within-subject variability of responding. The absence of an age by task interaction for any of the RT statistics indicated that while the older group responded signifi cantly slower when walking, there was no difference between groups in the attentional cost of the walking task. The task was, however, found to be relatively low in attention demands because RT increased by only 7% for the two groups combined. In the previously reported experiment from our laboratory, using similar participants but walking along a walkway, the increase in visual RT from the single task condition was 37% for older adults and 18% for the younger group (Sparrow et al., 2002) . As suggested earlier, in our previous walkway experiment (Sparrow et al., 2002) the RT increase during walking may, in part, have been attributable to the attentional cost of gait initiation. The task employed here was, in contrast, relatively unchallenging, requiring no gait initiation phase and imposing little ongoing constraint on step length regulation. The underlying causes of increased RT in older individuals are well documented, for example, reduced visual and kinaesthetic sensitivity due to neuron loss and demyelination are expected to increase the conduction time of afferent signals (Diggles-Buckles, 1993; Ivy, MacLeod, Petit, & Markus, 1992) . Declines in sensory processes would explain older adults' slower responding in both task conditions but signifi cantly increased RT also revealed, for both groups, an additional central processing demand of the treadmill walking task. While in this experiment older adults responded signifi cantly slower, the walking task was no more attention demanding than for the young controls. It is important, however, that older participants walked more slowly and it is interesting to consider whether preferred speed was established to accommodate the attentional cost of walking. As far as is known it has not previously been suggested that in older individuals walking speed might be reduced to minimize the attentional cost.
The data presented here highlighted individual differences within both participant groups. In the single task condition, for example, the four fastest older men showed mean visual RTs almost equivalent to the four fastest controls. The between-group differences in mean and median single task RT would, therefore, in major part have been caused by the slower responders in the older group. In contrast, when treadmill walking, even the fastest responding older men also slowed markedly and the signifi cant age group difference in the dual task condition was due to slowing by all of the older participants. In both groups, mean RT was positively and signifi cantly correlated with the within-subject standard deviation indicating that slower responders also tended to be more variable. The correlation coeffi cients were, however, higher for older men and the strongest correlation (0.88) was for that group when walking. This result suggests that relatively few additional longer responses associated with greater within-subject variability may be infl uential in increasing older adult's overall speed of responding in a dual task condition.
Most interesting was that while both groups responded more slowly in the dual task condition, within the 15 min task duration investigated here, the older adults' reaction times were well maintained over time while they declined in the younger group. It has been suggested that as visual and kinaesthetic sensory input deteriorates with aging, increased attention could be used to heighten the signals from these systems (Shumway-Cook et al., 1997) . A possible explanation for the novel fi nding of well-maintained RTs is that with aging there is increased attention to attenuated sensory input and attention might be better sustained in everyday tasks such as walking. Older adults perhaps do maintain a high level of attention to external and internal sensory inputs to compensate for age-related attenuation of vision, audition, and proprioception. The fi nding that RT was high at the initial stage of the walking trial supports the interpretation that maximum attention was applied at the outset and maintained throughout the trial. An important direction for future research is aging effects on response speed in longer duration trials that require sustained attention but may also, in the longer term, be infl uenced by fatigue.
